The construction of algebraic structure of central molecular chirality is provided starting from the empirical Fischer projections for tetrahedrons. A matrix representation is given and the algebra of O (4) 
=

Fig. 1. Fischer projection of (S)-(+)-lactic acid
In order to obtain proper results using Fischer projections, they must be treated differently from models in testing superimposability. Projections may not be rotated of 90°, while a 180° rotation is allowed. The interchange of any two groups results in the conversion of an enantiomer into its mirror image (Fig. 2 ). 
in any symmetry plane.
In order to reduce the Fischer rules to an algebraic structure, let us define the central chirality operator k χ acting on a tetrahedral molecule. From now on, we shall take into account only one tetrahedron, but the generalization of the following results to simply connected chains of tetrahedrons is straight as we shall see below.
A tetrahedral molecule can be assigned by a column vector Μ , rewriting Eq. (2) as
The j Ψ are defined as in Eq. [1] .
The corresponding Fischer projection is which is the first in Fig. 3 . The position of the bonds in the column vector (3) are assigned starting from the left and proceeding clockwise in the Fischer projection. it is clear that 2 χ yields a permutation on the bonds j Ψ . In the specific case, it is a rotation.
On the other hand, the configuration The matrices in Table I and II are the elements of a 4-parameter algebra. Those in Table I The matrices in Table I are the remarkable subgroup SO(4) of 4× 4 matrices with determinant +1.
The matrices in Table II have determinant 1 − , being inversions (or reflections). They do not constitute a group since the product of any two of them has determinant 1 + . This fact means that the product of two inversions generates a rotation (this is obvious by inverting both the couples of bonds in a tetrahedron). In fact, we have
For example, straightforward calculations give 
and so on. In summary, the product of two rotations is a rotation, the product of two reflections is a rotation, while the product of a reflection and a rotation is again a reflection. In any case, the total algebra is closed and the following commutation relations can be obtained
It is interesting to note that the rotations 5 χ , 7 χ , 11 χ commute among them.
The 24 matrices in Table I and II are not all independent. They can be grouped as different representations of the same operators. To this aim, we make use of a fundamental theorem of algebra which states that all matrices, representing the same operator, have the same characteristic polynomial. 10 In other words, the characteristic equation of a matrix is invariant under vector base changes. In (+) enantiomer case, the characteristic eigenvalue equation is
where λ are the eigenvalues and I is the identity matrix.
The following characteristic polynomials can be derived
In the case of (−) enantiomer, we have
and the characteristic polynomials are 
with obvious calculations depending on the choice of k χ and k χ . M is given by Eq. [3] . It is worth noting that the number of independent eigenvalues (and then eigenvectors) is related to the number of independent elements in each member of the group O(N) we are considering. N 2 is the total number of elements, while
+ are the orthogonality conditions, so we have
For O(4), it is 6, which is the number of independent generators of the group 11 . Such a number
gives the "dimension" of the group.
GENERALIZATION TO MOLECULES WITH N STEREOGENIC CENTERS
The results of the previous section can be extended to more general cases.
For a molecule with n stereogenic centers, we can define n planes of projection. The bonds among the centers have to be taken into account. If a molecule with one center has four bonds, a molecule with two centers has seven bonds and so on. The general rule is
assuming simply connected tetrahedrons. When atoms act as "spacers" between tetrahedral chiral centers, the number of bonds changes from On the contrary, if after rotation and superimposition, the molecules are identical, the situation is achiral. Such a treatment can be repeated for any projective symmetry plane which can be defined for the n centers. The possible results are that the molecule is fully invariant after rotation(s) and superimposition with respect to its mirror image (achiral); the molecule is partially invariant after rotation(s) and superimposition, i.e. some tetrahedrons are superimposable while others are not (diastereoisomers); the molecule presents an inversion for each stereogenic center (enantiomers).
Also for these general cases, the considerations of previous section can be applied. Let us write respectively; k is the center index running from 1 to n; l is the operator index ranging from 1 to 12.
For any tetrahedron, we can have the two possibilities The generalization to chains of tetrahedrons is straightforward leading to the distinction among achiral molecules, diastereoisomers and enantiomers. These classes of molecules can be parametrized by the chirality index } , { p n = χ , geometrically deduced in a previous report. 8 The number n enumerates stereogenic centers; p indicates the inversions occuring when some of the tetrahedrons of a given molecule cannot be superimposed to their mirror image after rotation.
Finally, the rule holds only for simply connected chains of tetrahedrons (and eventually when "spacer" atoms are placed between bonds).
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